Introduction
such as spirogermanium, carboxyethyl-germaniumGermanium (Ge) is one of the ultratrace elements. Its sesquioxid (Ge-132) and germanium-lactate-citrate natural occurrence in very low concentrations in food were harmless in contrast to inorganic Ge compounds. largely meets the requirements of humans [1, 2] . Some Without consulting a doctor the patient took a total Ge compounds have shown promise as antineoplastic dose of 426 g germanium-lactate-citrate orally over or immunostimulatory agents [3] [4] [5] [6] [7] and are perceived 6 months. as natural remedies. However, acute and chronic toxic On examination, the patient was nearly cachectic, effects of germanium dioxide (GeO 2 ) and alkylgerman-his skin was yellowish and he had an uraemic fetor. ium compounds have been demonstrated [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Ge The patient was afebrile, the pulse was 120 beats/min, is a group IVB element situated between silicium (Si) and the blood pressure was 130/80 mmHg. On ausculand tin (Sn) in the periodic table. The chemical proper-tation, there were soft heart sounds and no murmurs, ties of Ge are to some extent comparable to that of Si but a pericardial rub. The remainder of examination and Sn. Potential health hazards exist when Ge is not was normal. Laboratory studies revealed a raised sediconsumed in ultra-low, i.e. 'normal', quantities. mentation rate, normal leukocyte count, reduced erythPreviously, intake of Ge compounds was reported rocyte count, and reduced thrombocyte count. The to cause renal failure, gastrointestinal disturbances, electrolytes were in the lower normal range. Other liver dysfunction, anaemia, neuropathy and even death laboratory abnormalities and their follow-up are [8] [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Most of the cases, however, were associ-shown in Table 1 . ated with other diseases and/or the intake of additional
The patient was admitted to hospital for renal drugs, making it difficult to determine whether the failure. Further laboratory monitoring revealed normal effects were caused by Ge only. This is the first report values for C 3 and C 4 complement and circulating on the toxic effects of Ge-lactate-citrate, taken by a immunocomplexes. The autoantibodies ANA, ENA, healthy patient. The Ge concentrations in whole blood dsDNA, ANCA, C 3 -nephritis factor, anti-GBM, and ( EDTA bottle), serum, and urine were monitored in anti-tubular-BM, were all negative. The serology for detail over a period of 5 months after the Ge intake hepatitis B, hepatitis C and Hanta-virus was also was discontinued.
negative. Abnormalities for antistreptolysin, antistreptococcus-DNAase, serum IgA, and other immunoglobulins were not found. TSH was raised (22.9 mU/l ), Case but free T 3 and free T 4 were normal. The fasting A 58-year-old man sought medical help for nausea, glucose (10.7 mmol/l ), the glycosylated haemoglobin vomiting, anorexia, and weight lost. He complained of (HbA 1c 11.1%) and the C-peptide (8.06 ng/ml ) were having lost about 10 kg during the last 6 months. His increased. Urinalysis showed a few erythrocytes, which body weight was 64 kg and his height was 180 cm. were normal in shape. The 24-h collection of urine There was no history of previous renal, cardiac, meta-revealed a proteinuria of 200 mg in 2840 ml. Sodium bolic, infectious, or other diseases and he had never dodecyl sulphate polyacrylamide gel electrophoresis been in hospital before. The patient was a manager of (SDS-PAGE ) of the urinary protein indicated tubular a small metal processing company and had never been damage. The creatinine clearance was 11 ml/min. The abroad. His medication history revealed an intake of Ge concentrations were measured weekly in a specimen plasma mass spectrometry (SF-ICP-MS) [Dunemann malaise and prevent cancer. Over 6 months he ingested 426 g of the compound, which equals 76 g of elemental et al., In preparation]. These data are given in Figure 1 .
The abdominal ultrasound scan showed normal kid-Ge. He developed renal failure, gastrointestinal symptoms and pericarditis. Laboratory studies and clinical neys in size and texture. Cardiac ultrasound revealed pericardial effusion (150 ml ). The ECG showed a sinus course also revealed liver and thyroid dysfunction, polyneuropathy, and diabetes mellitus. The chronic tachycardia and the thoracic radiographs were normal. The patient was examined by a neurologist for muscu-intake of Ge-lactate-citrate along with the simultaneous onset of multi-organ dysfunction and the exclular weakness, muscular pain and numbness. Clinically typical neurological signs were not found. The nerve-sion of other systemic diseases led to the conclusion that the patient suffered from Ge intoxication. The conduction studies and electromyography revealed pathological spontaneous muscular activity and determination of Ge using SF-ICP-MS was started 1 week after cessation of the chronic intake of the myotonic discharge. The neural conduction velocity was normal for the median nerve and delayed for the compound and continued for 5 months. The results for the Ge concentrations in the whole blood, serum peroneal nerve. Dialysis and renal, muscle, and liver biopsies were not performed because of the patient's and urine are summarized in Figure 1 . The initial values of 4.3 mg Ge/l in whole blood, 3.7 mg Ge/l in refusal.
The patient received intravenous nutrition, insulin, serum, and 13.4 mg Ge/l in urine indicate strong intoxication compared to values found in unexposed and electrolytes. A daily recommendation of 1 g frusemide orally was taken irregularly due to the patient's humans, i.e. less than 0.01 mg/l in whole blood and less than 0.002 mg/l in serum and urine. The Ge non-compliance. Anti-emetic treatment was given with metoclopramide and dimenhydrinate. After stabiliza-concentration in whole blood and serum rapidly decreased during the first 4 weeks and then more tion of his nutritional condition he was discharged. At that time the insulin regime consisted of a mixture of slowly. Even 5 months after cessation of the Ge intake, the concentration was still elevated to 0.040 mg/l in short-and medium-acting insulin in the morning and short-acting insulin around meals.
whole blood and 0.058 mg/l in serum. The Ge concentrations in whole blood and serum are almost similar. Six months after the first consultation his insulin requirement lowered to one injection of short-acting This fact indicates that, in contrast to Pb, Ge is distributed uniformly in erythrocytes and serum. insulin daily. The TSH and the liver function returned to normal, but he still complained of nausea and
The urine measurements are less clear. The constant decrease of the Ge concentration was interrupted by a occasional vomiting. The pericardial effusion regressed, but the sinus tachycardia continued. The renal dysfunc-massive increase after 24 and 31 days. The further course of Ge concentration in urine is similar to the tion (creatinine clearance 25 ml/min) as well as the polyneuropathy persisted.
results for the blood. Even 5 months after the cessation of the Ge intake, the concentration was still elevated to 0.060 mg/l, which is 30 times the value found for Discussion unexposed persons. An explanation for the urine values after 24 and 31 days could be that the patient took Germanium-lactate-citrate and other organic Ge compounds, such as spirogermanium and carboxyethyl-Ge-lactate-citrate again despite his assurance of having stopped the intake. If we consider that most of the Ge germanium-sesquioxid (Ge-132), are widely promoted as natural remedies. The fact that these substances are compound is rapidly excreted through urine and only a small part of it is stored in the body, the amount in 'organic' is interpreted by scientifically less educated persons to indicate that they are harmless.
the urine should increase during intake. The blood and serum values, however, should not change significantly. Our patient took Ge-lactate-citrate to cure general This is supported by the results of another study. damaged organs in reported cases are summarized in Table 2 . It is remarkable that the kidneys were impaired Rapid excretion of most of the Ge within 3 h was found in an investigation with healthy persons who in all cases. In many reports, liver function, gastrointestinal tract, muscles, and nervous system were also took a single dose of 100 mg of Ge-132 orally [17, 25] .
It is difficult to predict the time it will take for the affected by Ge intoxication. Interestingly, all the organs listed in Table 2 were also damaged in our case. Ge concentration to return to a normal level in our patient. Given that the Ge concentration in serum
In our case, renal failure developed without major proteinuria or haematuria. The urine volume in 24 h decreased by one-half over 3 months, one can predict that it will take at least one and a half years for the ranged from 2500 to 3500 ml. The protein concentration in the urine varied from 0.022 to 0.194 g/l, which Ge concentration to reach a normal level.
Ge intoxication can cause multi-organ failure. The equals a daily amount of 80-600 mg. Although histo- LGI, liver/gastrointestinal tract; MNS, muscle/nervous system; H, heart; T, thyroid gland; S, spleen; A, adrenal gland. shown to be toxic to bone marrow, directly causing 
